A total of 467 sows were used in a study to evaluate the effect of feeding duration of increased lysine (Lys) and energy prior to farrowing on sow and litter performance, piglet survival, and colostrum quality. Sows were blocked by body weight and parity category on d 106 of gestation, and allotted to one of three dietary treatments: 1) 4.5 lb/d gestation feed (12.5 g SID Lys and 6.5 Mcal ME) until d 113 of gestation, then 6 lb/d lactation feed (28 g SID Lys and 9.4 Mcal ME) until parturition; 2) 4.5 lb/d gestation feed (12.5 g SID Lys and 6.5 Mcal ME) until d 113 of gestation, then 8.3 lb/d lactation feed (40 g SID Lys and 13.3 Mcal ME) until parturition; or 3) 8.3 lb/d lactation feed (40 g SID Lys and 13.3 Mcal ME) from d 107 of gestation until parturition. Data were analyzed for treatment within parity effects using the GLIMMIX procedure of SAS. Increasing the duration of feeding additional standardized ileal digestible (SID) Lys and energy increased (P < 0.05) sow weight gain from d 106 to 113. Sow backfat gain from d 106 to 113 of gestation increased (P < 0.05) in gilts and sows fed 8.3 lb/d of the lactation diet starting on d 107 vs. the control diet. There was no evidence (P > 0.05) for difference in female body weight (BW) or backfat loss from d 113 of gestation until weaning between treatments. Average total born and born alive piglet birth weight was greater (P < 0.05) in gilts fed 8.3 lb/d lactation diet starting on d 107 or 113 vs. control, with no evidence (P > 0.05) for difference in average piglet birth weight in sows or weaning weight in gilts and sows. Piglet mortality after cross-foster to weaning was decreased (P < 0.05) in sows fed 8.3 lb/d lactation diet starting on d 113 vs. control or increased lactation diet starting on d 107, but not in gilts. However, litter gain from 48 h to weaning was decreased (P < 0.05) in gilts fed 8.3 lb/d lactation diet starting on d 107 compared to control, with no difference in sows. For colostrum composition, fat and total solids were decreased (P < 0.05) in sows fed 8.3 lb/d of the lactation diet starting on d 107 compared to the control, with no difference observed in gilts. There was no evidence for difference (P > 0.05) in colostrum protein or lactose concentration due to dietary treatment. Colostrum immunoglobulin G was increased (P < 0.05) in gilts and sows fed 8.3 lb/d of the lactation diet starting on d 113 compared to control. Piglet colostrum intake and colostrum yield were not different (P > 0.05) due to dietary treatment fed pre-farrow. For subsequent female performance, there was no evidence for difference (P > 0.05) among treatments in the wean-to-estrus interval, percentage of females in estrus by d 7, farrowing rate, or subsequent litter characteristics. In summary, providing high Lys and energy intake from d 107 or 113 to farrowing increased piglet birth weight in gilts; however, litter gain to weaning was reduced when gilts started on high lactation feed intake at d 107 compared to gilts not fed increased Lys and energy. Providing high Lys and energy intake from d 113 increased pre-weaning piglet survival in sows. Colostrum intake and yield, and subsequent reproductive performance were unaffected by dietary treatments. In conclusion, ad libitum feeding of a lactation diet when gilts are loaded into the farrowing house may be adequate to meet the additional Lys and energy requirements for fetal growth. However, further research is needed to determine why a reduced litter growth occurred in gilts fed increased Lys and energy prior to farrowing.
Summary
A total of 467 sows were used in a study to evaluate the effect of feeding duration of increased lysine (Lys) and energy prior to farrowing on sow and litter performance, piglet survival, and colostrum quality. Sows were blocked by body weight and parity category on d 106 of gestation, and allotted to one of three dietary treatments: 1) 4.5 lb/d gestation feed (12.5 g SID Lys and 6.5 Mcal ME) until d 113 of gestation, then 6 lb/d lactation feed (28 g SID Lys and 9.4 Mcal ME) until parturition; 2) 4.5 lb/d gestation feed (12.5 g SID Lys and 6.5 Mcal ME) until d 113 of gestation, then 8.3 lb/d lactation feed (40 g SID Lys and 13.3 Mcal ME) until parturition; or 3) 8.3 lb/d lactation feed (40 g SID Lys and 13.3 Mcal ME) from d 107 of gestation until parturition. Data were analyzed for treatment within parity effects using the GLIMMIX procedure of SAS. Increasing the duration of feeding additional standardized ileal digestible (SID) Lys and energy increased (P < 0.05) sow weight gain from d 106 to 113. Sow backfat gain from d 106 to 113 of gestation increased (P < 0.05) in gilts and sows fed 8.3 lb/d of the lactation diet starting on d 107 vs. the control diet. There was no evidence (P > 0.05) for difference in female body weight (BW) or backfat loss from d 113 of gestation until weaning between treatments. Average total born and born alive piglet birth weight was greater (P < 0.05) in gilts fed 8.3 lb/d lactation diet starting on d 107 or 113 vs. control, with no evidence (P > 0.05) for difference in average piglet birth weight in sows or weaning weight in gilts and sows. Piglet mortality after cross-foster to weaning was decreased (P < 0.05) in sows fed 8.3 lb/d lactation diet starting on d 113 vs. control or increased lactation diet starting on d 107, but not in gilts. However, litter gain from 48 h to weaning was decreased (P < 0.05) in gilts fed 8.3 lb/d lactation diet starting on d 107 compared to control, with no difference in sows. For colostrum composition, fat and total solids were decreased (P < 0.05) in sows fed 8.3 lb/d of the lactation diet starting on d 107 compared to the control, with no difference observed in gilts. There was no evidence for difference (P > 0.05) in colostrum protein or lactose concentrations
Introduction
In recent years, a large emphasis has been placed on understanding the requirements of high-producing sows. While several studies have been conducted to evaluate changing nutrient requirements in late gestation (d 90 to parturition) and lactation, few studies have focused on the few days immediately prior to lactation. The transition period has been loosely defined as the last 10 d of gestation to the first 10 d of lactation, 3 with most studies involving transition diets starting to be fed between d 104 and 109 of gestation. 4, 5 Currently in U.S. swine production, it is not common to feed a specific transition diet. However, nutrient partitioning changes rapidly in the last 10 d prior to parturition with fetal growth (22.7%), mammary growth (16.8%), and colostrum production (16.1%) representing the majority of the total required SID Lys in late gestation. 6 The exponential fetal growth rate increases the amino acid and energy requirements in late gestation. 3 When nutrients for fetal growth cannot be met, the sow will mobilize protein and lipid pools to satisfy the requirement. Researchers 6 used a factorial approach to model the metabolizable energy (ME) and SID Lys requirements of sows during transition and lactation. Relative to d 104 of gestation, ME and SID Lys requirements increased by 60 and 149% at d 115 of gestation, respectively. These researchers predicted that the ME and SID Lys requirement on the last day of gestation is approximately 13.3 Mcal of ME and 35 g of SID Lys. This is a significant increase in energy and Lys required compared to what is typically provided in production today. There-fore, in the last few days prior to parturition, the sow may be in a negative lysine and energy balance if not supplied increased nutrient concentrations as she partitions an exponentially increasing amount of nutrients to the fetus and colostrum production. A recent review 7 analyzed the results of multiple trials utilizing bump feeding strategies and showed that increased gestation feed starting around d 90 of gestation hardly ever achieved more than 20 g/d of SID Lys, which would be less than the recommended 35 g/d in late gestation as suggested. 6 Although the previous studies provide some data to begin understanding the transition period, to our knowledge no large study (>100 sows) has evaluated the significantly increased SID Lys and energy supplied immediately prior to parturition that is suggested to be most beneficial for sow productivity. Additionally, most of the data sets lack experiments conducted in field settings. 8 Thus, the objective of the current experiment was to determine the impact of different feeding durations of increased lysine and energy immediately prior to farrowing on colostrum production, sow and litter performance, and piglet survival.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol used in this experiment.
A total of 467 sows (Large white × Landrace) were used in a late gestation and lactation study at a commercial sow farm in southern Minnesota (Christensen Farms, Sleepy Eye, MN). On d 106 of gestation, sows were weighed, blocked by body weight and parity category (gilts and sows) and allotted to 1 of 3 dietary treatments. Treatments consisted of: 1) 4.5 lb/d gestation feed (12.5 g SID Lys and 6.5 Mcal ME) until d 113 of gestation, then 6 lb/d lactation feed (28 g SID Lys and 9.4 Mcal ME) until parturition; 2) 4.5 lb/d gestation feed (12.5 g SID Lys and 6.5 Mcal ME) until d 113 of gestation, then 8.3 lb/d lactation feed (40 g SID Lys and 13.3 Mcal ME) until parturition; and 3) 8.3 lb/d lactation feed (40 g SID Lys and 13.3 Mcal ME) from d 107 of gestation until parturition (Figures 1 and 2 ). Diets were formulated to meet or exceed nutrient requirements (Table 1) and were manufactured in Sleepy Eye, MN. Feed samples of each diet were collected twice each week from the feeders at the farm. Samples were pooled and used for chemical analysis.
At loading into the farrowing crates (approximately d 113 of gestation), sows were weighed and backfat thickness was measured using a Renco probe (last rib, 4 inches from the midline). Sows were hand-fed their respective dietary treatments until parturition, at which point they were fed the lactation diet ad libitum until weaning. Sows were induced (2cc, Lutalyse, Zoetis Inc., Kalamazoo, MI) on the afternoon of d 115 of gestation if signs of parturition had not begun.
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At birth, the time each piglet was born was recorded, the umbilical cord was cut to 2 inches, the piglet was dried using desiccant and paper towels, identified with an ear tag, and weighed. Stillborn and mummified fetuses were also weighed and birth time recorded. Within 3 hours from the initiation of parturition, a 50 mL sample of colostrum was collected from multiple teats and the number of functional teats was recorded. Colostrum samples were split into two subsamples, 15 mL for colostrum immunoglobin G (IgG) analysis, and 35 mL for nutrient analysis (preserved with an 18% Bronopol pellet). Samples were stored at -20°F until analysis. At 24 h after the birth of the first pig, piglets were individually reweighed to calculate colostrum intake. After 24 h, pigs were cross-fostered within treatment to equalize litter size. All piglet mortalities were weighed, and the date recorded. Fall-behind piglets, removed due to weight loss or injury between d 3 and d 10 of age, were weighed and moved off test to a nurse sow. At weaning (d 20 ± 3), all piglets were individually weighed.
At weaning, sows were weighed, backfat measurements recorded, then moved to gestation crates and checked twice daily for signs of estrus using a boar and back pressure test. Wean-to-first service interval and d 30 conception rate were collected on 419 of the 423 sows that were weaned. Subsequent litter characteristics were collected on 363 females.
Colostrum intake was calculated using the equation 9 where colostrum intake = -106 + 2.26 WG +200 BWB + 0.111 D -1,414 WG/D + 0.0182 WG/BWB, where WG is 24 h piglet weight gain in grams, D is duration of colostrum suckling in minutes, and BWB is body weight at birth. Colostrum yield was calculated as the sum of the colostrum intake of the pigs in the litter. If a piglet died before 24 h, the assumption was that there was no colostrum intake by that piglet.
Economics were calculated using the following values: weaned pig value of $32 per pig, gestation feed cost of $184.64/ton, and lactation feed cost of $237.40/ton. Feed cost from d 107 to farrow was calculated using the daily intake of gestation or lactation feed, and multiplying by the cost per lb for each respective diet. Weaned pig revenue was the value of a weaned pig multiplied by the number of pigs weaned per litter. Income over additional feed cost (IOFC) was calculated by subtracting feed cost from weaned pig revenue. Additional feed cost per weaned pig is calculated as the additional feed cost from d 107 to farrow divided by the number of pigs weaned.
Chemical Analysis
Four samples (1 per week) of gestation diet, or 8 samples (1 per week) of lactation from within the weekly pooled samples were sent to a commercial laboratory (Ward Labo-9 Theil, P. K., C. Flummer, W. L. Hurley, N. B. Kristenen, R. L. Labouriau, and M. T. Sorensen. 2014. Mechanistic model to predict colostrum intake based on deuterium oxide dilution technique data and impact of gestation and prefarrowing diets on piglet intake and sow yield of colostrum. J. Anim. Sci. 92: 5507-5519. doi:10.2527/jas2014-7841.
Swine Day 2019 ratories, Kearney, NE) and analyzed in duplicate for crude protein (AOAC 990.03, 2006) , Ca, and P. 10, 11 Colostrum samples were sent to a commercial laboratory (Stearns DHIA Lab, Sauk Centre, MN) and analyzed in duplicate for fat, protein, lactose, and total solids (Combi-Foss milk analyzer, Foss Analytics, Denmark). Immunoglobulin G concentration was analyzed in duplicate using the Porcine IgG ELISA Quantitation Kit (Bethyl Laboratories, Montgomery, TX).
Statistical Analysis
Data were analyzed using generalized linear mixed models where dietary treatment within parity category (gilt or sow) was a fixed effect, with random effect of block. Statistical models were fit using the GLIMMIX procedure of SAS (Version 9.4, SAS Institute, Inc., Cary, NC).
Sow body weight, backfat depth, litter weights, mean piglet body weights, litter gains, colostrum quality (fat, protein, lactose, and solids), colostrum yield, colostrum intake, and economics were fitted using a normal distribution. Total born, litter counts, and wean-to-estrus interval were fit using a negative binomial distribution. Percentage born alive, stillborns, mummies, survivability, fallbacks, mortality, estrus by d 7, and subsequent farrowing rate were fitted using a binomial distribution. Colostrum IgG concentration was analyzed using a log transformation.
Covariates were used if they significantly improved the model fit. Residuals and the Bayesian Information Criterion (BIC) were used as an indication of improved model fit. Total born was used as a covariate for total born litter weight and mean piglet birth weight. Born alive was used as a covariate for born alive and 24 h litter weight and mean piglet birth and 24 h weight. Teat-to-pig ratio was used as a covariate for 24 h litter gain, colostrum yield and intake. Litter size after cross foster was used as a covariate for litter weight and piglet weight after cross foster and at weaning.
Results and Discussion
Chemical analyses of crude protein, Ca, and P in treatment diets were similar to formulated values (Table 2) .
Sow BW and backfat depth on d 106 and gestation length were similar (P > 0.05; Table 3 ) across treatments which validates the sow randomization. At the time of loading into the farrowing house (d 113 ± 2), a treatment within parity category effect was observed where gilts that received 8.3 lb/d lactation diet starting on d 107 were 11 lb heavier (P < 0.05) than control gilts, with gilts that received 8. lactation diet starting on d 113. As a result, a main effect of treatment was observed for sow weight change from d 106 to loading where gilts and sows fed 8.3 lb/d lactation diet starting on d 107 gained more weight (P < 0.05) than females that received 8.3 lb/d lactation diet starting on d 113, and both treatments gained more weight than control gilts or sows. This was expected due to the increased Lys and energy provided to females beginning at d 107 or d 113 compared to the standard farm feeding levels. Previous studies 7 that evaluated increased feeding strategies starting on d 90 of gestation suggested that an additional 16.6 g/d SID Lys and 9.6 Mcal/d ME resulted in an additional 15 lb of BW gain. While the dietary treatments in the current study would have been fed for a shorter duration, the much higher levels of SID Lys (40 g/d) and ME intake (13.3 Mcal/d) resulted in similar BW gain as those where feed intake was increased from d 90 of gestation to farrowing.
Backfat thickness at the time of loading was increased (P < 0.05) in gilts that received lactation diet starting on d 107 compared to those starting on d 113, with control gilts intermediate. There was no evidence for difference in backfat thickness in sows at time of loading. However, a main effect of treatment on backfat change from d 106 to loading was observed where gilts and sows that received 8.3 lb/d lactation diet starting on d 107 had increased (P < 0.05) backfat gain compared to control gilts and sows, but this change was small (0.50 mm). This demonstrates that the increased nutrient supply that resulted in increased body weight was partially allocated towards sow body fat.
There was no evidence for difference (P > 0.05) in sow body weight at weaning or sow weight loss from loading to weaning, regardless of dietary treatment. However, there was numerically greater body weight loss during lactation in gilts and sows that received an 8.3 lb/d lactation diet starting on d 107 compared to control gilts and sows. Additionally, there was no difference (P > 0.05) in female body weight change from d 106 to weaning, indicating that the additional weight gain observed peripartum was subsequently lost during the lactation period. There was no evidence for difference (P > 0.05) in backfat loss from loading until weaning. As a result, a main effect of treatment was observed for sow backfat thickness at weaning, where gilts and sows that received lactation diet starting on d 107 had increased (P < 0.05) backfat compared to the control or those that received 8.3 lb/d lactation diet starting on d 113. This demonstrated that the additional backfat that females gained peripartum resulted in increased backfat at weaning.
Individual lactation feed intake was unable to be measured with the automated feeding system on this commercial sow farm. Thus, it is unknown if increased backfat and body weight negatively affected lactation feed intake as previous studies would suggest. 7
There was a treatment within parity effect for total born litter weight, born alive litter weight, and 24 h litter weight, where gilts fed 8.3 lb/d lactation diet starting on d 113 had heavier (P < 0.05; Table 4 ) litters compared to control gilts, with gilts fed 8. (P < 0.05) piglets compared to control gilts. There was no evidence (P > 0.05) for difference in average piglet body weight in sow litters. At 24 h, although the average pig body weight was numerically higher in pigs from gilts that received lactation diet starting on d 107 or d 113, there was no evidence statistically (P > 0.05). Litter gain from birth to 24 h was similar regardless of dietary treatment. Born alive birth weight CV was lowered (P < 0.05) in gilts fed 8.3 lb/d lactation diet starting on d 113 compared to those fed control, with no difference observed in sow litters. This demonstrates less variation in birth weight in gilts that were fed additional SID Lys and ME for 3 d prior to farrowing.
There was no evidence for difference (P > 0.05) in total born, born alive, stillborn, and litter size at 24 h, regardless of dietary treatment. A treatment within parity effect was observed for percent mummified fetuses due to gilts fed the control having reduced (P < 0.05) mummies compared to gilts fed control diet or those that received lactation diet starting on d 107, with no difference observed in sows. This difference is likely due to random chance because the majority of mummified fetuses are established earlier in pregnancy (d 30 to 100). Thus, changing feed intake in the last 3 or 8 d prior to parturition should not affect mummified fetuses. Survivability, calculated as: [total born -(stillborn + mummified + 24 h mortality)]/total born, was increased in gilts fed 8.3 lb/d lactation diet starting on d 113 compared to those fed control. This is likely a result of decreased mummified fetuses, and numerically lower stillborn rate in gilt litters fed 8.3 lb/d lactation diet starting on d 113. No evidence of influence on survival of piglets born alive to 24 h was noted (P > 0.05) regardless of dietary treatment.
Pigs were cross-fostered up to 48 h within dietary treatments to equalize litter size (Table 5 ). Litter weight, litter count, and average pig body weight after cross-fostering were similar (P > 0.05) across dietary treatments. There was no evidence for difference (P > 0.05) in litter weight, individual piglet body weight, or litter count at weaning regardless of dietary treatment. However, litter gain from 48 h to weaning was decreased (P < 0.05) in gilts that received 8.3 lb/d lactation diet starting on d 107 compared to the control, with no difference in sows. This was an unexpected result because earlier studies 12 suggested that an increase in piglet birth weight also results in an increase in piglet weaning weight. One potential explanation for the reduction in litter gain in the current study is that increased weight gain of sows prior to farrowing may have had a negative effect on lactation feed intake, which resulted in less milk production and consequently less piglet growth. Further research is needed to determine the cause of the decreased piglet growth in response to increased lysine and energy prior to farrowing.
Wean age was similar across all dietary treatments and averaged 20.7 d. There was no evidence for difference in the percent of pigs recorded as fallbacks, regardless of treatment. Mortality after cross-fostering to weaning was lower (P < 0.05) in sows that received 8.3 lb/d lactation diet starting on d 113 compared to control sows, with no evidence for difference in gilts. This resulted in a higher (P < 0.05) percentage of pigs weaned from sows that received 8.3 lb/d lactation diet starting on d 113 compared the control sows or sows that received lactation diet starting on d 107, again with no change in gilts fed different treatments.
For colostrum composition, fat, and total solids were decreased (P < 0.05) in sows that received the lactation diet starting on d 107 compared to the controls, with no difference observed in gilts (Table 6 ). There was no evidence for difference (P > 0.05) in colostrum protein or lactose concentrations due to dietary treatments. Immunoglobulin G, which provides passive immunity to the piglet, was increased (P < 0.05) in gilts and sows that received 8.3 lb/d lactation diet starting on d 113 compared to the control, which could support why an increase in piglet survival at weaning was observed in sows fed the additional lactation diet. Piglet colostrum intake and colostrum yield were not different (P > 0.05) due to dietary treatment fed pre-farrow.
There was no evidence for difference (P > 0.05) in wean-to-estrus interval, percentage of females in estrus by d 7, or farrowing rate regardless of dietary treatment that had been fed in the previous transition period (Table 7 ). In addition, total born or percentage born alive, stillborn, or mummified were similar (P > 0.05) across dietary treatments that had been fed in the previous transition period.
Economic analysis showed sow feed cost from d 107 to farrowing was increased (P < 0.05) as the duration of feeding 8.3 lb/d of lactation feed increased (Table 8 ). This was expected due to feeding an increased amount of a higher cost diet. Because litter counts at weaning were similar across treatments, there was no difference (P > 0.05) in weaned pig revenue or income over feed cost. However, feed cost per weaned pig was higher (P < 0.05) as the duration of feeding 8.3 lb/d of lactation feed increased. This demonstrates that the additional feed cost from feeding lactation diet for 8 or 3 d prior to farrowing was not recovered in the current trial because there was no increase in litter count at weaning. In summary, feeding increased Lys and energy 8 or 3 d prior to farrowing increased weight gain and backfat depth of gilts and sows peripartum. The additional weight and backfat gain pre-farrowing did not result in statistically significant weight or backfat loss during the lactation period. Average piglet body weight for total born and born alive pigs was increased in gilts fed increased Lys and energy starting at 8 or 3 d before parturition. However, litter gain to weaning was reduced in gilts fed increased Lys and energy starting at d 107 of gestation compared to the control gilts. There was reduced mortality of piglets from sows that consumed increased Lys and energy starting on d 113 of gestation. Colostrum intake and yield, and subsequent reproductive performance were unaffected by dietary treatments. It can be concluded that ad libitum feeding a lactation diet when gilts are loaded into the farrowing house (approximately d 113 of gestation) may be adequate to meet the additional Lys and energy requirements for fetal growth, as measured by increased piglet birth weight in gilts. However, further research is needed to determine why reduced litter growth occurred in gilts fed increased Lys and energy prior to farrowing.
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Brand names appearing in this publication are for product identification purposes only. No endorsement is intended, nor is criticism implied of similar products not mentioned. Persons using such products assume responsibility for their use in accordance with current label directions of the manufacturer. A total of 467 sows were used from d 106 of gestation until weaning. Sows were weighed, blocked by body weight and parity category, and allotted to treatment on d 106 of gestation. Loading occurred at d 113 (± 2 d) of gestation. Weaning occurred at d 18 to 24 of lactation. Diets were fed according to treatment as follows 1) 4. A total of 423 sows were weaned from an initial 467 sows that farrowed. Sows were removed due to poor milking or a health challenge-becoming nurse sows. Pigs stayed with birth sow until 24 h, then were cross-fostered within treatment to equalize litter size. Diets were fed according to treatment as follows: 1) 4. Fallbacks were pigs removed due to weight loss or injury and moved to a nurse sow. This occurred between d 3 and d 10 of age. 7 Percentage weaned = litter count at weaning/litter count after cross foster. A total of 419 sows were recorded for a wean to estrus interval, and 363 sows from that group had subsequent farrowing data. Diets were fed according to treatment as follows: 1) 4.5 lb/d gestation feed until d 113 of gestation, then 6 lb/d lactation feed until parturition; 2) 4.5 lb/d gestation feed until d 113 of gestation, then 8.3 lb/d lactation feed until parturition; and 3) 8.3 lb/d lactation feed from d 107 of gestation until parturition. 
